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(54) REFRIGERATOR OIL AND METHOD FOR LUBRICATING THEREWITH 

(57) A refrigerator oil. particularly a refrigerator oil 
fa a hydrof luorocarbon refrigerant, comprising a base 
oil composed of an oxygen-containing organic com- 
pound, such as a poiyalkylene glycol and a polyester, 
and a f luorinated silicone oil having a Mnematic viscos- 
ity of 500 mrvf/sec or more at 25°C is disclosed. A proc- 
ess for lubrication of a refrigeration system comprising 
lubricating a compression-type refrigeration system by 
using the refrigerator oil is also disclosed. 

By using the refrigerator oil. the foaming phenome- 
non during boiling of the refrigerant dissolved in the 
refrigerator oil can effectively be suppressed. In the 
refrigeration system using the refrigerator oil. effective 
lubrication can be achieved. 
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Descriptl n 



TECHNICAL FIELD 



The present invention relates to a refrigerator oil. particularly a refrigerator oil tor use in combination with a 
nydrofluorocarbon refrigerant and a process for lubrication of a refrigeration system using the refrigerator oil More par- 
tjeularly. the present invention relates to a refrigerator oil which can effectively suppress the foaming phenomenon dur- 
ing boiling of the refrigerant dissolved in the refrigerator oil. and a process for lubrication of a refrigeration system using 
tne refrigerator oil to maintain the excellent performance of a compression-type refrigeration system. 



BACKGROUND ART 



Compression-type refrigerators are generally constituted with a compressor, a condenser, an expansion valve and 
an evaporator, and has a structure in which a mixed fluid ot a refrigerant and a lubricating oil is circulated In the closed 
« system. Heretofore, in the compression-type refrigerators, dichlorof luoromethane (R1 2). chkxocfifluoromethane (R22) 
or the like has mainly been used as the refrigerant and various types of mineral oil and synthetic oil have been used as 
the lubricant 

However. chlorofluwohydrocarbons. such as R12 and R22 described above, are being more rigorously restricted 
world-wide because they bring environmental pollution such as the ozonosphere destruction. By this reason hydrogen- 
» containing Ron compounds [a "Ron compound- means e chlorofluorecarbon. a hyoVofluorocarbon, and a'rrydrochlo- 
rof luorocarbon in general] such as hydrofluorocarbons and hyoVochlofofluorocarbons are attracting attention as the 
novel types of refrigerant. The hydrogen-containing f luorocarbons, particularly hydrofluorocarbons such as 1 1 1 2- 
tetraf luoroethane (Ron 134a). are preferred as the refrigerant for compression-type refrigerators because they have lit- 
tle possibility of causing the ozonosphere destruction and can replace Ron 1 2 with little change in the structure of refrio- 
25 era tors which have heretofore been used. 

However, when the nydrofluorocarbon refrigerant described above is used, an unfavorable phenomenon that foam- 
ing takes place to a great extent during boiling of the refrigerant dissolved in the refrigerator oil occurs The foaming 
phenomenon takes place to a greater extent particularly when a mixed refrigerant containing two or more types of 
hydrof luorocarbon IS used. When the foaming phenomenon occurs to a great extent, a large amount of the refrigerator 
oil flows into the refrigeration system to cause problems that the refrigerating ability is decreased and that the sufficient 
lifcricabon is not achieved because of decrease in the amount of the refrigerator oil at the places requiring lubrication 
Particularly when a refrigerator of a recent type equipped with an inverter is used, the problems are greater because a 
higher speed of rotation is required at the start of the operation. Therefore, a refrigerator oi which can prevent the foam- 
ing phenomenon s required more for a refrigerator of this type than for refrigerators of previous types, 
♦h . r ia «! ame ph r° men0n 8,80 b* 8 " observed with refrigerants of previous types, ft has empirically been known 
that the foaming phenomenon m the refrigerants of previous types can be suppressed by adding a conventional siPcone 
oil. However, it is the current situation that when a hydrof luorocarbon refrigerant is used, the addition of a conventional 
silicone shows such limited effect of suppressing the foaming phenomenon that no practical effect can be expected. 

40 DISCLOSI IRF OF THE IMVFNTION 

An u*!^ °' me f * esent irvemton 18 to provWe a refrigerator oil. particularly a refrigerator oil for use in combination 
with a hycVofluorc^rbon refrigerant which can effectively suppress the foaming phenomenon during boiling of the 
refrigerant dissolved in the refrigerator oa. " * 

45 Another object of the present Invention is to provide a process for lubrication of a refrigeration system using the 
above refrigerator oil to maintain the excellent performance of a compression-type refrigeration system 

The present Inventors studied extensively to achieve the objects described above As the result of such studies ft 
was discovered that, when a f luorinated silicone oa is added to a specific refrigerator oD. the foaming phenomenon dur- 
ing boiling of a refrigerant dissolved in the refrigerator oil can effectively be suppressed It was also discovered that In 
so a compression-type refrigeration system, the excellent performance of the refrigeration system can be maintained by 
lubricating the refrigeration system with the refrigerator oil containing the fluorinated silicone oil described above The 
present invention has been completed on the basis of the discoveries. 



53 



Accordtnoly. the present invention provides a refrigerator oil comprising a base oil composed of an oxygen-contain- 
ing organic compound and a fluorinated silicone oil having a kinematic viscosity of 500 rmftsec or more at 25»C. The 
present Mention also provides a process for lubrication of a refrigeration system comprising lubricating a compression- 
type refrigeration system by using the refrigerator oil described above. 
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THE MOST PREFERRED EMBODIMENT TO CAR RY OUT THE INVENTION 
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In the present invention, the f luorinated silicone oil contained in the refrigerator oil has a kinematic viscosity of 500 
mm^sec or more at 25°C. For example, a fluorinated silicone oil having the structure represented by the general for- 
mula (I): 



if 



•Si-O- 



R 



n 



Si-R 4 

If 



(I) 



20 



25 



30 



35 



40 



45 



SO 



55 



is preferably used. 

In the general formula (I). R 1 to R 6 represent each hydrogen atom, a hydrocarbon group, or a fluorinated hydrocar- 
bon group, and may be the same with each other or different from each other. R 7 and R 8 represent each a hydrocarbon 
group or a fluorinated hydrocarbon group, and at least one of R 7 and R 8 is a fluorinated hydrocarbon. Examples of the 
hydrocarbon group represented by R 1 to R 8 include atkyl groups having 1 to 20 carbon atoms, cydoalkyl groups having 
5 to 20 carbon atoms, aryi groups having 6 to 20 carbon atoms, and aralkyl groups having 7 to 20 carbon atoms. Exam- 
ples of the fluorinated hydrocarbon group include fluorinated alky! groups having 1 to 20 carbon atoms, fluorinated 
cydoalkyl groups having 5 to 20 carbon atoms, fluorinated aryi groups having 6 to 20 carbon atoms, and fluorinated 
aralkyl groups having 7 to 20 carbon atoms. Particularly, alkyl groups having 1 to 20 carbon atoms art fluorinated atkyl 
groups having 1 to 20 carbon atoms are preferable as the hydrocarbon group and the fluorinated hydrocarbon group, 
respectively, because the solubility in the refrigerator oil is low and the effect of suppressing the foaming phenomenon 
is great. 

R 7 and R 8 in a plurality of repeating units may be the same with each other or different from each other, n repre- 
sents an integer which is selected in such a manner that the fluorinated silicon oil has a kinematic viscosity of 500 
mnrf/sec or more at 25°C. 

The alkyl group having 1 to 20 carbon atoms deserted above may be linear or branched. Specific examples of the 
alkyl group having 1 to 20 carbon atoms include methyl group, ethyl group, n-propyl group, isopropyt group, n-butyl 
group, isobutyl group, sec-butyl group, t-butyf group, various types of perttyl group, various types of hexyi group, various 
types of octyl group, various types of decyl group, and various types of dodecyl group. Examples of the cydoalkyl group 
having 5 to 20 carbon atoms include cydopentyl group, cydohexyi group, and methylcyctohexyl group Examples of the 
aryi group having 6 to 20 carbon atoms indude phenyl group, totyi group, xyly! group and naphthyl group. Examples of 
the aralkyl group having 7 to 20 carbon atoms include benzyl group, phenetyf group, and naphthylmethyl group. Exam- 
ples of the fluorinated alkyl group having 1 to 20 carbon atoms, the fluorinated cydoalkyl groups having 5 to 20 carbon 
atoms, the fluorinated aryi groups having 6 to 20 carbon atoms, and the fluorinated aralkyl group having 7 to 20 carbon 
atoms indude groups obtained by substituting one or more hydrogen atoms In the alkyl groups, the cycloafeyl groups, 
the aryi groups, and the aralkyl groups, respectively, described above with fluorine atoms. 

When the fluorinated silicone o3 represented by the general formula (0 has a kinematic viscosity of less than 500 
mnrfrsec at 25 *C, the effect of suppressing the foaming phenomenon is insuffiderrt, and the fluorinated silicone oil is 
not preferable. For exhibiting a suff iderrt effect of suppressing the foaming phenomenon, the kinematic viscosity at 25°C 
is preferably 1,000 mrrf/sec or more, more preferably 9.000 mnftsec or more (n is generally more than 100). 

The content of the fluorinated silicone oil is not particularly limited. When a hydrofluorocarbon refrigerant is used 
as the refrigerant the content is preferably in the range that the compatibBity of the refrigerator oil and the refrigerant Is 
not adversely affected. More specifically, the content is preferably in the range of 1 to 6,000 ppm by weight more pref- 
erably in the range of 1 0 to 3,000 ppm by weight. When the content is less than 1 ppm by weight the effect of suppress- 
ing the foaming phenomenon is sometimes not suff'ciently exhibited. When the content is more than 6,000 ppm by 
weight the refrigerator oil occasionally becomes doudy. In view of the effect of suppressing the foaming phenomenon 
and the stability, K is preferred that the fluorinated silicone oil is contained in such an amount that the product of the kin- 
ematic viscosity (mnr^fcec) of the fluorinated silicone oil at 25°C and the content (ppm by weight) of the fluorinated sil- 
icone ol in the refrigerator oil is In the range of 50.000 to 3.000.000. more preferably in the range of 100,000 to 
2,000,000. When the product is less than 50,000, the effect of suppressing the foaming phenomenon tends to become 
small. When the product is more than 3,000,000, there is the possibility that the refrigerator oil becomes doudy. 

The refrigerator oil of the present invention is used in combination with various types of refrigerant preferably in 
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combination with a hydrof luorocarbon refrigerant When a hydrofluorocarbon refrigerant is used as the refrigerant the 
base oil of the refrigerator oil is not particularly limited as long as the base oil has a good compatibility with the 
hydrofluorocarbon refrigerant Specifically, oxygen-containing organic compounds are preferable as the base oil 
because of the good compatibility with hydrofluorocarbon refrigerants. 
5 Examples of the oxygen-containing organic compound include (1) poiyalkytene glycols, (2) polyesters. (3) polyol 
esters, (4) polyether ketones. (5) polyvinyl ethers, and (6) carbonate derivatives. 

As (1) the poiyalkytene glycol described above, for example, a compound represented by the general formula (II): 

R 9 -I(OR 10 )m-OR 11 ]k (II) 

10 

(wherein R 9 represents hydrogen atom, an alkyt group having 1 to 10 carbon atoms, an acyl group having 2 to 10 car- 
bon atoms, or an aliphatic hydrocarbon group having 1 to 10 carbon atoms and 2 to 6 parts fa bonding; R 10 represents 
an alkylene group having 2 to 4 carbon atoms; R 11 represents hydrogen atom, an aDcyt group having 1 to 10 carbon 
atoms, or an acyl group having 2 to 10 carbon atoms; k represents an integer of 1 to 6; and m represents a number 

is which is selected in such a manner that the average of mxk is 6 to 80) can be used. 

In the above general formula (II). the alkyt group represented by R 9 and R 11 may be linear, branched linear, or 
cyclic. Specific examples of the alky! group include methyl group, ethyl group, rvpropyl group, isopropyl group, various 
types of butyl group, various types of pentyl group, various types of hexyl group, various types of heptyl group, various 
types of octyt group, various types of nonyl group, various types of decyl group, cyclopentyt group, and cyclohexyl 

20 group. When the number of carbon atom in the alkyt group is more than 10, the compatibflrty with hydrofluorocarbon 
refrigerants is decreased, and phase separation occasionally takes place. The preferable number of carbon atom in the 
alkyt group is 1 to 6. 

The alkyl group in the acyl group represented by R 9 and R 11 may be linear, branched linear, or cydic. Specific 
examples of the alkyl group include alkyl groups having 1 to 9 carbon atoms selected from the alkyl groups described 
25 as the examples of the alkyl group in the above. When the number of carbon atom in the acyl group is more than 10, 
the compatibility with hydrofluorocarbon refrigerants is decreased, and phase separation occasionally takes place. The 
preferable number of carbon atom in the alkyl group is 2 to 6. 

When R 9 and R 11 are both alkyl groups a acyl groups. R 9 and R 11 may be the same or different 
When k is 2 or more, the plurality of R 1 1 in one molecule may be the 6ame with each other or different from each 
30 other. 

When R 9 is an aliphatic hydrocarbon group having 1 to 10 carbon atoms and 2 to 6 parts for bonding, the aliphatic 
hydrocarbon group may be an open-chain group or a cyclic group. Examples of the aliphatic hydrocarbon group having 
2 parts for bonding include ethylene group, propylene group, butylene group, pentyl ene group, hexylene group, hepty- 
lene group, octyiene group, nonytene group, decyl ene group, cydoperrtyiene group, and cyclohexyl ene group. Exam- 

35 pies of the aliphatic hydrocarbon group having 3 to 6 parts for bonding include residue groups formed by eliminating 
hydroxy! groups from poiyhydric alcohols, such as trimethylpropane, glycerol, pentaerythritol. sorbitol, 1 ,2,3-trihydroxy- 
cylohexane, and 1,3,5-trihydroKycyclohexane. 

When the number of carbon atom in the aliphatic hydrocarbon group is more than 10. the compatibility with 
hydrofluorocarbon refrigerants is decreased, and phase separation occasionally takes place. The preferable number of 

40 carbon atom in the alkyl group is 2 to 6. 

R 10 in the above general formula (II) represents an alkylene group having 2 to 4 carbon atoms. Examples of the 
oxyalkytene group as the repeating unit include oxy ethylene group, oxypropylene group, and oxybutylene group. A sin- 
gle type of the oxyalkylene group or 2 or more types of the oxyalkyiene group may be contained in one molecule, ft is 
preferred that at least the oxypropylene unit is contained in one molecule. It is particularly preferred that 50 % by mol or 

45 more of the oxypropylene unit is contained in the oxyalkylene unit 

k in the above general formula (II) represents an integer of 1 to 6 which is determined in accordance with the 
number of the part for bonding in R 9 . For example, when R 9 represents an alkyl group or an acyt group, k represents 1 . 
When R 9 represents an aliphatic hydrocarbon group having 2, 3, 4. 5, or 6 parts for bonding, k represents 2. 3, 4, 5, or 
6. respectively, m represents a number which is selected in such a manner that the average of mxk is 6 to 80, preferably 

so 1 o to 70. When the average of mxk is at the outside of the above range, the objects of tfie present invention cannot suf- 
ficiently be achieved. 

The poiyalkytene glycol represented by the general formula (II) indude poiyalkytene glycols having hydroxy* groups 
at the end. When the content of the hydroxy! group at the end is 50% by mot or less of the total end groups, the poty- 
atkylene glycol containing the hydroxyl group at the end can advantageously be used. However, when the content of 
55 the hydroxy! group at the end Is more than 50 % by mol, the poiyalkytene glycol is not preferable because the poiy- 
alkytene glycol becomes more hygroscopic and the viscosity index is decreased. 

As the poiyalkytene glycol descrbed above, pdyoxypropyiene glycol dimethyl ethers represented by the general 
formula: 
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CH 3 

* CHgO^CHCHaO^-CHa 

(wherein x represents a number of 6 to 80), polyoxy ethylene polyoxypropylene glycol dimethyl ethers represented by 
io the general formula: 



CH 3 

15 CH 3 0-(CHCH 2 0) a -(CH 2 CH20) b -CH3 

(wherein a and b represent each a number of 1 or more, and the sum of a and b is 6 to 80), polyoxypropylene glycol 
20 monobutyl ethers represented by the general formula: 



25 



CH 3 

C 4 H 9 0-<CHCH 2 0) x -H 



30 



35 



40 



(wherein x represents a number of 6 to 80), and polyoxypropylene glycol diacetate, are preferable in view of the econ- 
omy and the effect 

As the polyalkylene glycol represented by the general formula (II), compounds descrtoed in the specification of Jap- 
anese Patent Application Laid-Open No. Hetsei 2(1990)-305893 in detail can also be used. 

As (2) the polyester described above, an aliphatic polyester derivative having a constituting unit represented by the 
general formula (HQ: 



.0-C-R 12 -C-0-R 19 . 
0 0 



(III) 



(wherein Ft 12 represents an a&cylene group having 1 to 10 carbon atoms, and R 13 represents an alkylene group having 
2 to 10 carbon atoms or an oxaalkytene group having 4 to 20 carbon atoms) and a molecular weight of 300 to 2000 can 
be used. 

45 In the general formula (HO. R 12 represents an alkylene group having 1 to 10 carbon atoms. Specific examples of 
the alkylene group include methylene group, ethylene group, propylene group, ethyl methylene group, 1,1-dimethyf eth- 
ylene group, 1,2-dimethytethylene group, n-butylethylene group, isobutylethylene group, 1-ethyl-2-rnethytethylene 
group, 1 -ethyt-1 -methyl ethylene group, trimethylene group, tetramethytene group, and pentamethytene group. Alkylene 
. groups having 6 or less carbon atoms are preferable. R 13 represents an alkylene group having 2 to 10 carbon atoms or 

so an oxaaikyiene group having 4 to 20 carbon atoms. Specific examples of the alkylene group include the groups 
described above as the specific examples of the alkylene group represented by R 12 (except for methylene group). 
Alkylene groups having 2 to 6 carbon atoms are preferable. Specific examples of the oxaalkytene group include 3-oxa- 
1,5-pentylene group, 3.6-doxa-1,8-octylene group, 3,6,9-trioxa-1,11-undecylene group, 3-oxa-1 ,4-dimethyM ,5-penty- 
lene group, 3,6<liaxa-1,4J-trimethyl-1.8-octylene group, 3.6.9-tricxa*1A7.10-tetramethyi-1,11-uridecylene group. 3- 

55 oxa 1 ,4-diethyl-1 ,5-perrtylene group, 3.6Kfioxa>1,4,7-triethyl-1,8-octylene group. 3.6.9-triaxa-1 ,4.7.1 0-tetraethyM ,11- 
undecylene group, 3-oxa-1 ,1 ,4,4-tetramethyi-1 ,5-perrtylene group, 3,6-dioxa-1 ,1 ,4,47,7-riexamethyl-1 ,8-octylene 
group, 3,6,^ricaa-1,1. 4,4,7,7, 10,10-oc^methyl-1,1.Vuridecylene group, 3<uca-1,2,4,Metramethyl-1 ,5-perrtylene 
group, S.Mioxa-I^AS.^S^iexamethyl-I.S^^ene group, 3,6.9-frioxa-1 i 2 l 4,5,7,8,10.11-^^ 



5 
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cylene group, 3-cxa-1-methyM,5-pentylene group, 3-oxa-1-ethyl-1.5-pentylene group. 3-oxa-1.2<JimethyM,5-penty- 
lene group. 3Kwa-1-methyl-4-^thyl-l,5-perrtylena group. 4«>xa-2.2.6.6-tetramethyl-1,7-heptylene group, and 4.8-dioxa- 
2,2,6.6,10,10-hexamethyM,1 1*undecylene group. R 12 and R 13 in a plurality of constituting units may be the same with 
each other or different from each other 
5 The aliphatic polyester derivative represented by the above general formula (III) preferably has a molecular weight 
(measured by the gel permeation chromatography (GPC)) of 300 to 2.000. When the molecular weight is less than 300. 
the kinematic viscosity is smaller than the desirable range. When the molecular weight is more than 2,000, the aliphatic 
polyester derivative becomes waxy. Therefore, a molecular weight at the outside of the specified range is not preferable. 

As the aliphatic polyester derivative described above, the compounds described in the specification of International 
to Patent Application Laid-open No. WO 91/07479 in detail can also be used. 

As (3) the polyol ester described above, a carboxylic acid ester of a pdyhydric hydroxy compound containing at 
least 2 hydroxyl groups can be used. For example, a compound represented by the general formula (IV): 

R 14 [OCOR 15 ]. (IV) 

15 

can be used. 

In the above general formula (IV), R 14 represents a hydrocarbon group which may be linear or branched linear, 
preferably an aikyl group having 2 to 10 carbon atoms. R 15 represents hydrogen atom or a hydrocarbon group having 
1 to 22 carbon atoms, preferably an alkyt group having 2 to 16 carbon atoms, e represents an integer of 2 to 6. A ptu- 
20 rality of -OCOR 1 5 may be the same with each other or different from each other. 

The polyol ester represented by the general formula (IV) can be obtained by bringing a polyhydric alcohol repre- 
sented by the general formula (V): 

R 14 (OH). (V) 

25 

(wherein R 14 and e are the same as those described above) into reaction with a carboxylic acid represented by the gen- 
eral formula (VI): 



30 



40 



45 



R 15 COOH (VI) 



(wherein R 1S is the same as that described above) or a reactive derivative, such as an ester or a haltie, of the carboxylic 
acid. 

Examples of the polyhydric alcohol represented by the above general formula (V) include ethylene glycol, propyl- 
ene glycol, butylene glycol, neopentyi glycol, trimethylolethane, trimethylolpropane. glycerol, pentaerythrrtol. dipentaer- 
35 ythrrtol, and sorbitol. Examples of the carboxylic acid represented by the above general formula (VI) include propionic 
acid, butyric acid, pivalic acid, valeric acid, caproic add, heptanoic acid, 3-methylhexanoic acid, 2-ethylhexanoic acid, 
capric acid, decanoic acid, lauric acid, myristic acid, and palmitic add. 

As (4) the polyether ketone described above, for example, a compound represented by the general formula (VII): 



R 17 R 18 O 



. [O - (R 16 0), - (CH 2 CHO) t - CH - C - (CH 2 0) u - R 19 ] v 
\[OR 20 ] W 



- (VII) 

so ~~ 
(wherein Q represents a residue group of an alcohol having a functionality of 1 to 8; R 16 represents an aikylene group 
having 2 to 4 carbon atoms; R 17 represents methyl group or ethyl group: R 18 and R 20 represent each hydrogen atom, 
an aliphatic, aromatic, or aromatic-aliphatic hydrocarbon youp having 20 or less carbon atoms, and may be the same 
or different; R 19 represents an aliphatic, aromatic, or aromatic-aliphatic hydrocarbon group having 20 or less carbon 

55 atoms; s and t represent each a number of 0 to 30; v represents a number of 1 to 8, w represents a number of 0 to 7. 
and v + w is in the range of 1 to 8; and u represents 0 or 1) can be used. 

In the above general formula (VII). Q represents a residue group of an alcohol having a functionality of 1 to 8. 
Examples f the alcohol having Q as the residue group include monohydric alcohols, such as aliphatic monohydric alco- 
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hols such as methyl alcohol, ethyl ale hoi, linear and branched propyl alcohols, linear and branched butyl alcohols, lin- 
ear and branched pentyl alcohols, linear and branched hexyi alcohols, linear and branched heptyl alcohols, linear and 
branched octyl alcohols, linear and branched nonyl alcohols, linear and branched decyl alcohols, linear and branched 
undecyi alcohols, linear and branched dodecyl alcohols, linear and branched tridecyl alcohols, linear and branched tet- 

5 radecyl alcohols, linear and branched perrtadecyl alcohols, linear and branched hexadecyt alcohols, linear and 
branched heptadecyl alcohols, linear and branched octadecyl alcohols, linear and branched nonadecyl alcohols, and 
linear and branched eicosyl alcohols, aromatic alcohols such as phenol, methytphenol. nonylphenol, octytphenol, and 
naphthoi, aromatic-aliphatic alcohols 6uch as benzyl alcohol and phenyl ethyl alcohol, and compounds obtained by par- 
tial etherification of these alcohols; dihydric alcohols, such as linear and branched aliphatic alcohols such as ethylene 

10 glycol, propylene glycol, butylene glycol, neopentyt glycol, and tetramethylene glycol, aromatic alcohols such as cate- 
chol, resorcinol, bisphenol A, and bisphenyfdiol. and compounds obtained by partial etherification ot these compounds; 
trihydric alcohols, such as linear and branched aliphatic alcohols such as glycerol, trimethytolproparte, trimethylo- 
I ethane, trimethytotbutane, and 1,3,5-pentanetriol. aromatic alcohols such as pyrogallol. methytpyrogallol, and 5-sec- 
butylpyrogalfol, and compound obtained by partial etherification of these alcohols; and alcohols having a functionality 

15 of 4 to 8, such as pentaerythrttol, diglycerol, soibitane, triglyceroJ, sorbitol, dipentaerythritol. tetraglycerol, pentaglyc- 
erol, hexagfycerol. tripentaerythrrtol. and compounds obtained by partial etherif ication of these alcohols. 

In the above general formula (VII), the alkylene group having 2 to 4 carbon atoms which is represented by R 16 may 
be linear or branched. Specific examples of the alkylene group include ethylene group, propylene group, ethylethylene 
group, 1 , 1 -dimethylethylene group, and 1 ,2-dimethylethylene group. Examples of the aliphatic, aromatic, or aliphatic- 

so aromatic hydrocarbon group having 20 or less carbon atoms which is represented by R 18 to R 20 include linear alky! 
groups, such as methyl group, ethyl group, propyl group, butyl group, pentyl group, heptyl group, octyl group, nonyl 
group, decyl group, undecyi group, lauryt group, myristyl group, palmityl group, and stearyt group; branched alkyi 
groups, such as isopropyl group, isobutyl group, isoamyl group. 2-ethyihexyl group, isostearyl group, and 2-heptylunde- 
cyl group; aryl groups, such as phenyl group and methyiphertyl group; and arylalkyl groups, such as benzyl group. 

25 In the general formula (VII), s and t represent each a number of 0 to 30. When s or t is more than 30. the contribu- 
tion of the ether group in the molecule increases, and the polyether ketone is not preferable with respect to the compat- 
ibility with hydrof luorocarbon refrigerants, the electric insulating property, and the hygroscopic property, v represents a 
number of 1 to 8. and w represents a number of 0 to 7. v and w satisfy the relation that v + w is in the range of 1 to 8. 
These numbers are average numbers and not limited to integers, u represents 0 or 1. A plurality of R 16 in the number 

30 represented by s x v may be the same with each other or different from each other. A plurality of R 17 in the number rep- 
resented by t x v may be the same with each other or different from each other. When v represents 2 a more, pluralities 
of s. t u. R 18 and R 19 each in the number represented by v may be the same with each other or different from each 
other. When w represents 2 or more, a plurality of R 20 in the number represented by w may be the same with each other 
or different from each other. 

35 As the process for producing the polyether ketone represented by the general formula (VII), a generally known 
process can be used. Fa example, a process in which a secondary alkyloxyalcohol is oxidized by a hypochlorite and 
acetic acid (Japanese Patent Application Laid-Open No. Heisei 4(1992)-126716) or a process in which a secondary 
alkyloxyalcohol is oxidized by zirconium hydroxide and a ketone (Japanese Patent Application Laid-Open No. Heisei 
3(1991)-167149) can be used. 

40 As (5) the polyvinyl ether described above, tor example, a polyvinyl ether compound having the constituting unit 
represented by the general formula (VIII): 



50 



R 21 R 23 

~-( c C)— ...(VIII) 

R 22 0(R 24 0) c R 26 . 



(wherein R 21 , R 22 , and R 23 represent each hydrogen atom or hydrocarbon group having 1 to 8 carbon atoms and may 
be the same with each other or different from each other; R 24 represents a divalent hydrocarbon group having 1 to 10 
carbon atoms or a divalent hydrocarbon group having 2 to 20 carbon atoms and an oxygen atom of the ether Gnkage; 
ss R represents a hydrocarbon group having 1 to 20 carbon atoms; c represents a number for each repeating unit, the 
average of which in the group is 0 to 10; R 21 to R 25 in a plurality of (x^stituting u^ same with each other or 

different from each other; and when a pluraPty of R 24 0 is contained. R 24 0 may be the same or different) can be used. 
A polyvinyl ether compound composed of a block or random copolymer containing the constituting unit represented 
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by the above general formula (VIII) and a constituting unit represented by the general formula (IX): 

R 26 R 27 
5 I I 

— (C C)— ... ( ix) 

R 28 R 29 

10 

(wherein R 26 to R 29 represent each hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms and may be 
the same with each other or different from each other, and R 26 to R 29 in a plurality of constituting units may be the same 
with each other or different from each other) can also be used. 

In the above general formula (VIII), R 21 , R 22 . and R 23 represent each hydrogen atom or a hydrocarbon group hav- 

i3 ing 1 to 8 carbon atoms, preferably 1 to 4 carbon atoms, and may be the same with each other or different from each 
other. Specific examples of the hydrocarbon group include alkyt groups, such as methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyt group, isobutyl group, sec-butyl group, tert-butyl group, various types of pentyl group, 
various types of hexyl group, various types of heptyl group, and various types of octyl group; cydoalkyl groups, such as 
cydopentyt group, cydohexyt group, various types of methylcyclohexyl group, various types of ethytcycohexyi group, 

20 and various types of dimethylcyclohexyl group; aryi groups, such as phenyl group, various types of methyfchenyl group, 
various types of ethytphenyl group, and various types of dimethytphenyl group; ad arylakyl groups, such as benzyl 
group, various types of phenylethyl group and various types of methylbezyl group. As R 21 . R 22 and R 23 , hydrogen atom 
is particularly preferabla 

In the general formula (VIII), R 24 represents a divalent hydrocarbon group having 1 to 10 carbon atoms, preferably 

25 2 to 10 carbon atoms, or a divalent hydrocarbon group having 2 to 20 carbon atoms and an oxygen atom of the ether 
linkage. Specific examples of the divalent hydrocarbon group having 1 to 10 carbon atoms include divalent aliphatic 
groups, such as methylene group, ethylene group, phenyiethytene group, 1.2-propytene group. 2-phenyM ^-propylene 
group, 1 ,3-propyiene group, various types of butyiene group, various types of perrtytene group, various types of hexy- 
lene group, various types of heptyfene group, various types of odyiene group, various types of nonytene group, and var- 

30 ious types of decytene group; alicyciic groups obtained by forming 2 parts for bonding in aficydic hydrocarbons, such 
as cyclohexane, methylcyclohexane. ethyicydohexane, dimethylcycfohexane, and propylcyclohexane; divalent aro- 
matic hydrocarbon groups, such as various types of phenylene group, various types methylphenylene group, various 
types of ethylphenytene group, various types of dirnethytphenytene group, and various types of naphthylene group; 
aikytaromatic groups having one monovalent part for bonding on each of the aikyl group and the aromatic group in alky. 

as laromatic hydrocarbons, such as toluene, xylene, and ethytoenzene; and aikytaromatic groups having parts for bonding 
on the alkyt groups in pofyalkylarornatic hydrocarbons, such as xylene and diethyibenzene. Among these compounds, 
aliphatic groups having 2 to 4 carbon atoms are particularly preferable. 

Specific examples of the cSvalent hydrocarbon group having 2 to 20 carbon atoms and an oxygen atom of the ether 
linkage preferably include methoxyrn ethylene group, methoxyethylene group, metrraxymetrtyf ethylene c/oup, 1,1 -bis- 

40 methoxymethylethylene group, 1 ,2^isn^trtoxyn>ethylethylene group, ethcocymethylethylene group, (2-methox- 
yethoxyjmethylethytene group, and (l-methyi-2-methaxy)methytethytero group. In the general formula (VIII). c 
represents the number of repeating of R 25 ^ the average of which Is a number in the range of 0 to 10, preferably 0 to 
5. When a plurality of B u O is contained. R 24 0 may be the same with each other or different from each other. 

In the general formula (VIII). R 25 represents a hydrocarbon group having 1 to 20 carbon atoms, preferably 1 to 10 

45 Specific examples of the hydrocarbon group include alkyt groups, such as methyl group, ethyl group, n- 

prcpyi group, isopropyl group, n-butyi group, isobutyl group, sec-butyl group, tert-butyl roup, various types of pentyl 
group, various types of hexyl group, various types of heptyl group, various types of octyl group, various types of nonyt 
group, and various types of decyl group; cydoalkyl groups, such as cydoperrryi group, cylohexyl groups various types 
of methylcyclohexyl group, various types of ethylcydohexyf group, various types of propytcyclohexyl group, and various 

so types of dimethylcydohexyl group; aryi groups, such as phenyl group, various types of methylphenyi group, various 
types of ethytphenyl group, various types of cSmethytphenyl group, various types of propytphenyi group, various types 
of trimethyiphenyl group, various types of butylphenyl group, and various types of naphthyl group; and arylalkyi groups, 
such as benzyl group, various types of phenylethyl group, various types of methytberuyt group, various types of phenyl- 
propyl group, and various types of phenytbutyl group. 

55 R 21 to R 25 in a plurality of constituting units may be the same with each other or different from each other. 

The polyvinyl ether compound (1) having the constituting unit represented by the general formula (VIII) descrfoed 
above preferably has a carbon/oxygen ratio by mol in the range of 4.2 to 7.0 When the carbon/oxygen ratio by mo! is 
less than 4.2, the polyvinyl ether compound is excessively hygroscopic. When the carbon/oxygen ratio by mol is more 
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than 7.0, the corrpatibility with hydrof luorocarbon refrigerants is sometimes deaeased. 

In the general formula (IX) described above. R 26 to R 29 represent each hydrogen atom or a hydrocarbon group hav- 
ing 1 to 20 carbon atoms and may be the same with each other or different from each other. Examples of the hydrocar- 
bon group having 1 to 20 carbon atoms include the same groups as those described in the examples of R 25 in the 
5 general formula (VIII) descrbed above. R 26 to R 29 in a plurality of constituting units may be the same with each other 
or different from each other. 

The polyvinyl ether compound (2) composed of a block or random copolymer containing the constituting unit rep- 
resented by the general formula (VIII) described above and the constituting unit represented by the general formula (IX) 
descrfoed above preferably has a carbon/oxygen ratio by mol in the range of 42 to 7.0 When the carbon/oxygen ratio 
io by mol is less than 4.2. the polyvinyl ether compound is excessively hygroscopic. When the carbon/oxygen ratio by mol 
is more than 7.0. the compatibility with hydrofluorocarbon refrigerants is sometimes decreased. 

In the present invention, a mixture of the polyvinyl ether compound (1) described above and the polyvinyl ether 
compound (2) also described above may also be used. 

The polyvinyl ether compound (1) and the polyvinyl ether compound (2) used in the present invention can be pre- 
is pared by polymerization of the corresponding vinyl ether monomer and copolymerization of the corresponding hydro- 
carbon monomer having an olef ink; double bond and the corresponding vinyl ether monomer, respectively. 

As the polyvinyl ether compound used in the present invention, the following compounds are preferable. One of the 
preferable compounds has one end group represented by the general formula (X) or (XI): 



R 30 r32 
I I 

HC C — 

25 R 31 CKR^OLR 34 



(X) 



30 



M R 36 



HC — C— -(XI) 
R 37 i» 

(wherein R 30 . R? 1 , and R 32 represent each hydrogen atom or a hydrocarbon group having 1 to 8 carbon atoms and may 
40 be the same with each other or different from each other; R 35 , R 36 . R 37 , and R 38 represent each hydrogen atom or a 
hydrocarbon group having 1 to 20 carbon atoms and may be the same with each other or different from each other; R 33 
represents a divalent hydrocarbon group having 1 to 10 carbon atoms or a divalent hydrocarbon group having 2 to 20 
carbon atoms and an oxygen atom of the ether linkage; R 34 represents a hydrocarbon group having 1 to 20 carbon 
atoms; p represents a number for each repeating unit, the average of which in the group is 0 to 1 0; and when a plurality 
45 of R^O is contained. R 33 0 may be the same with each other or different from each other) and the other end group rep- 
resented by the general formula (Xtl) or (XIII): 
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(XII) 



10 

R 44 R 45 

— C CH - (XIII) 

R 46 R 47 

(wherein R 39 , R 40 , and R 41 represent each hydrogen atom or a hydrocarbon group having 1 to 8 carbon atoms and may 
be the same with each other or dHfererrt from each other; R 44 , R 45 . R 46 , and R 47 represent each hydrogen atom or a 

20 hydrocarbon group having 1 to 20 carbon atoms and may be the same with each other or different from each other; R 42 
represents a divalent hydrocarbon group having 1 to 10 carbon atoms or a divalent hydrocarbon group having 2 to 20 
carbon atoms and an oxygen atom of the ether linkage; R 43 represents a hydrocarbon group having 1 to 20 carbon 
atoms: q represents a number for each repeating unit the average of which is in the range of 0 to 10; and when a plu- 
rality of R 42 0 is contained, P^O may be the same with each other or different from each other). 

25 Another of the preferable compounds has one end group represented by the general formula (XII) or (XIII) 
described above and the other end group represented by the general formula (XIV): 

R 48 r50 

30 I I 

— C C-OH -(XIV) 

R 49 H 



(wherein R 43 , R 49 , and R 50 represent each hydrogen atom or a hydrocarbon group having 1 to 8 carbon atoms and may 
be the same with each other or different from each other). 

Among the polyvinyl ether compounds described above, the following compounds are particularly preferable as the 
base oil of the refrigerator oil of the present invention. 

(1) Compounds In which one end group has the structure represented by the general formula (X) or (Xf), the other 
^ ° r0U ?5? S struclure WP«**«I *V *h« general formula (XII) or (XIII), and in the general formula (VIII), R 21 , 
R , and R 23 represent all hydrogen atoms, c represents a number of 0 to 4, R 24 represents a divalent hydrocarbon 
group having 2 to 4 carbon atoms, and R 25 represents a hydrocarbon group having 1 to 20 carbon atoms. 

(2) Compounds having the constituting unit represented by the general formula (VIII) alone, in which one end group 
has the structure represented by the general formula (X), the other end group has the structure represented by the 
general formula (XII), and in the general formula (VIII). R 21 , R 22 and R 23 represent all hydrogen atoms, c repre- 
sents a number of 0 to 4, R 24 represents a divalent hydrocarbon group having 2 to 4 carbon atoms, and R 25 repre- 
sents a hydrocarbon group having 1 to 20 carbon atoms. 

(3) Compounds in which one end group has the structure represented by the general formula (X) or (XI), the other 
end group has the structure represented by the general formula (XIV), and in the general formula (VIII). R 21 . R 22 , 
and R represent all hydrogen atoms, c represents a number of 0 to 4. R 24 represents a divalent hydrocarbon 
group having 2 to 4 carbon atoms, and R 25 represents a hydrocarbon group having 1 to 20 carbon atoms. 

(4) Compounds having the constituting unit represented by the general formula (VIII) alone, in which one end group 
has the structure represented by the general formula (X), the other end group has the structure represented by the 
general formula (XIII), and in the general formula (VIII), R 21 , R 22 and R 23 represent all hydrogen atoms, c repre- 
sents a number of 0 to 4, R 24 represents a divalent hydrocarbon group having 2 to 4 carbon atoms, and R 25 repre- 
sents a hydrocarbon group having 1 to 20 carbon atoms. 
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in the present invention, a polyvinyl ether compound having the constituting unit represented by the general formula 
(VIII) described above, one nd gr up represented by the general formula (X), and the other end group represented by 
the general formula (XV): 

R 51 R 53 
I I 

— C C - 0 (R 56 0) y R 57 ... (XV) 

10 R 62 O (R 54 0) d R 5S 



(wherein R 51 , R 52 , and R 53 represent each hydrogen atom or a hydrocarbon group having 1 to 8 carbon atoms and may 
15 be the same with each other or different from each other; R 54 and R 56 represent each a divalent hydrocarbon group 
having 2 to 1 0 carbon atoms and may be the same or different; R 55 and R 57 represent each a hydrocarbon group having 
1 to 10 carbon atoms; d and y represent each a number for each repeating unit the average of which in the group is 0 
to 10. and may be the same or different; R M 0 may be the same or different when a plurality of Pp*0 are contained; and 
R 0 may be the same or different when a plurality of H^O are contained) can also be used. Furthermore, in the 
so present invention, a polyvinyl ether compound composed of a homopolymer or a copolymer of an alkyl vinyl ether hav- 
ing the constituting unit represented by the general formula (XVI) or (XVII): 



30 



35 



40 



OR 58 



/ 1 V 

_( C H 2 CH-)- 



(XVI) 



OR 58 

f I . 

(CHCH) ...(XVII) 

CH 3 

(wherein R 58 represents a hydrocarbon group having 1 to 8 carbon atoms), a molecular weight of 300 to 1 .200. and one 
end group represented by the genera! formula (XVIII) or (XIX): 



R 59 

-CH 2 CHOR (xvm) 



SO 



-CH-CHOR 60 (XIX) 

(wherein R 59 represents an alkyl group having 1 to 3 carbon atoms, and R 60 represents a hydrocarbon group having 1 
to 8 carbon atoms) can also be used. 

As the polyvinyl ether compound, compounds described in the specifications of Japanese Patent Application Laid- 
Open No. Heisei 6(1 994)-1 28578. Japanese Patent Application N . Heisei 5(1993)-125649 (UkJ-Open No Heisei 
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6(1994)-234314), Japanese Patent Application No. Hei&ei 5(1993)-125650 (Laid-Open No. Heisei 6(1994)-234S15), 
Japanese Patent Application Na Hei&ei 5{1993)-303736, Japanese Patent Application Na Heisei 6{1994)-280371. and 
Japanese Patent Application No. Heisei 6(1994) : 283349 ( in detail can also be used. 

As (6) the carbonate derivative described above, for example, a polycarbonate represented by the general formula 
5 (XX): 

R 61 OCO [<R 62 0) f C0] g R 63 ... (XX) 
0 0. 

(wherein R 61 and R 63 represent each a hydrocarbon group having 30 or less carbon atoms or a hydrocarbon group hav- 

is ing 2 to 30 carbon atoms and an ether linkage and may be the same or different. R 62 represents an alkylene group hav- 
ing 2 to 24 carbon atoms, f represents an integer of 1 to 100. and g represents an integer of 1 to 10) can be used. 

In the above general formula (XX), R 61 and R 63 represent each a hydrocarbon group having 30 or less carbon 
atoms or a hydrocarbon group having 2 to 30 carbon atoms and an ether linkage. Specific examples of the hydrocarbon 
group having 30 or less carbon atoms include aliphatic hydrocarbon groups, such as methyl group, ethyl group, n-propyl 

so group, isopropyl group, n-butyl group, Isobutyl group, s-butyl group, t-butyl group, pentyl group, isoperttyl poup, neo- 
pentyl group, rvhexyl group, 1.3-dimethylbutyl group; 2.3<iimethytbutyl group, isohexyt group, rvheptyl group, isoheptyl 
group. 3-methyjhexyl group, rvoctyl group, 2-ethylhaxyl group, isooctyi group, n-nonyi group, isononyl group, n-decyl 
group, isodecyf group, n-undecyi group, isoundecyl group, n^odecyl group, isododecyl group, n-tridecyl group, feotride- 
cyl group, n-tetradecyi group, isotetradecyl group, n-pentadecyi group, isopentadecyt group, n-hexadecyl group, isohex- 

25 adecyl group, n-heptadecyl group, isoheptadecyl group, n-octadecyl group, isooctadecyl group, n-nonadecyl group, 
isononadecyl group, n-eicosyl group, isoeicosyl group, and 2-(4-methylpentyl) group; alicydic hydrocarbon groups, 
such as cyclohexyl group. 1 -cydohexenyl group, methylcyclohexyl group, dimethylcyclohexyt group, decahydronaphthyi 
group, and tricyclodecanyl group; aromatic hydrocarbon groups, such as phenyl group, o-tolyl group, p-tolyl group, m- 
tolyl group, 2,4-xyiyt group, mesrtyl group, and 1-naphthyl group; and aromatic-aliphatic hydrocarbons, such as benzyl 

30 group, methylbenzyl group, p-phenylethyl group (phenethyl group). 1 -phenylethyl group. 1 .methyM -phenylethyi group 
p-methylbenzyt group, styryl group, and cirtnamyl group. 

As the hydrocarbon group having 2 to 30 carbon atoms and an ether linkage, for example, a glycol ether group reo- 
resented by the general formula (XXI): ^ 

35 -(R 64 0) h .R« (XXI) 

(wherein R 64 represents an alkylene group having 2 or 3 carbon atoms, such as ethylene group, propylene group and 
tnmethyiene group. R 6& represents an aliphatic, alicydic, or aromatic hydrocarbon group having 28 or less carbon 
atoms, such as the groups described as examples of the group represented by R 61 and R 63 . and h represents an inte- 
ger of 1 to 20) can be used. Specific examples of the glycol ether group represented by the general formula (XXI) 
include ethylene glycol monomethyl ether group, ethylene glycol monobutyl ether group. Methylene glycol mono-n-butyl 
ether group, Methylene glycol monoethyl ether group, propylene glycol monomethyl ether youp, propylene glycol 
monobutyl ether group, dipropylene glycol monoethyl ether group, and tripropytene glycol mono-n-butyt ether group. 
Among the groups described above, alkyl groups, such as n-butyl group, isobutyl group, isoamyl group, cydohexyi 
group, isoheptyl group, 3-methythexyl group. 1.3-dimethyibutyf group, hexyl group, octyl group, and 2-ethyihexyl group; 
and alkylene glycol monoalkyt ether groups, such as ethylene glycol monomethyl ether group, ethylene glycol 
monobutyl ether group, diethytene glycol monomethyl ether group. Methylene glycol monomethyl group, propylene gly- 
col monomethyl ether group, propylene glycol monobutyl ether group, dipropylene glycol monoethyl ether group, and 
tnpropylene glycol mono-n-butyl ether group; are preferable. 
so R 68 and R^descrtoed above may be the same or different 

In the above general formula (XX), R 62 represents an alkylene group having 2 to 24 carbon atoms. Specific exam- 
ples of the alkylene group indude ethylene group, propylene group, butylene group, amyiene group, methytamylene 
group, ethyiamylene group, hexytene group, methylhexylene group, ethylhexylene group, octamethylene group, nonam- 
etnylene group, decamethyiene group, dodecamethylene group, and tetradecamethyf ene group, f represents an integer 
ss of 1 to 100, and g represents an integer of 1 to 10. When a plurality of R 62 0 are contained. R 62 0 may be the same with 
each other or different from each other. 

The polycarbonate represented by the general formula (XX) preferably has a molecular weight (a weight-average 
molecular weight) of 300 to 3.000. more preferably 400 to 1 ,500. When the molecular weight is less than 300, the poly- 
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carbonate has a kinematic viscosity smaller than the desirable range and 'is not preferable as lubricant. When the 
molecular weight is more than 3,000, the polycarbonate becomes waxy, and the application as lubricant is difficult. 

The polycarbonate can be produced in accordance with various processes and is generally produced by using a 
carbonic acid diester or a derivative which can form a carbonic acid ester such as phosgen. and an aliphatic dihydric 
alcohol as the materials. 

For producing the polycarbonate from the above materials, a conventional process for producing a polycarbonate 
can be used. In general, the transesterif ication process or the phosgen process can be used. 

As the polycarbonate, the compounds described in the specification of Japanese Patent Application Laid-Ooen No 
Heisei 3(1 991)-21 7495 in detail can also be used. 

As the carbonate derivative, a glycol ether carbonate represented by the general formula (XXII): 

R 66 -0-(R M 0)rCXXOR 69 ) r O.R6 7 pan, 

(wherein R 66 and R 67 represent each an aliphatic. aiicyeBc. aromatic, or aromatic-aliphatic hydrocarbon group having 
1 to 20 carbon atoms and may be the same with each other or different from each other, R 68 and R* 9 represent each 
ethylene group or isopropylene group and may be the same or different and i and J represent each a number of 1 to 
100) can also be used. 

In the above general formula (XXII). specific examples of the aliphatic hydrocarbon group represented by R 66 and 
R include methyl group, ethyl group, propyl group, isopropyl group, isobutyl group, s-butyl group, t-butyl group pentyl 
group, tscpentyl group, neopentyl group, n-hexyl group, isohexyl group, n-heptyl group, isoheptyi group. n-octyl group 
isooctyl group, n-nonyl group, isononyl group, n-decyl group, isodecyl group, n-undecyl group, isoundecyl group n- 
dodecyl group, isododecyl group, n-tridecyl group, isotridecyl group, n-tetradecyi group, isotetradecyl group, n-pentade- 
cyl group, isopentadecyl group, n-hexadecyl group, isohexadecyl group, n-heptadecyl group, isoheptadecyl croup n- 
aaadecyl group, isooctadecyi group. n-nonyldecyf group, isononyldecyl group, n-eicosyl group, and isoeicosyl group. 
Specrf.c examples of the aflcydic hydrocarbon group include cyclohexyl group. 1-cydohexenyl group, methyteydohexyl 
group, djmetr^dchexyl group. decariycfroiaphthyl group, and tricydodecanyl group. Specific examples of the aro- 
matic hydrocarbon group indude phenyl group, o-tolyl group, p-toiyl group, m-toryl group, 2.4-xyiyl group, mesfiyl group 
and 1-naplitoyl group. Specific examples of the arcmalic-alipratic hydr^^ group methyfaen- 

zyl oroup, phenylethyi group, styryl group, and cinnamyl group. »«anyoen 

The glycd ether carbonate represented by the above general formula pail) can be produced for example bv 
transesterrffcafion of a pdyalkylene glycol iwnoalkvlemerfo the preserve of an e 
of an alcohol having a relatively low boiling point 

As the glycol ether carbonate described above, compounds described in the specification of Japanese Patent 
Application Laid-Open No. Heisei 3(1 991)-149295 in detail can also be used. 

As the carbonate derivative, a carbonic acid ester represented by the general formula (XXIII): 



R 70 O 



• C - O - R 72 - O 
O 



-C-OR 71 ...(XXIII) 
r O 



(wherein R 70 and R 71 represent each an alkyl group having 1 to 1 5 carbon atoms or a residue group of a dihydric alcc- 
holhavirtg 2 to 12 carbon atoms and may be the same or different R 72 represents an alkylene group having 2 to 12 
*s carbon atoms, and r represents an integer of 0 to 30) can also be used 

In the abovegeneral formula (XXIII). R 70 and R 71 represent each an alkyl group having 1 to 15 carbon atoms, pref- 
erably 2 to 9 carbon atoms, or a residue group of a dihydric alcohol having 2 to 12 carbon atoms, preferably 2 to 9 car- 
bon atoms. R 2 represents an alkylene group having 2 to 12 carbon atoms, preferably 2 to 9 carbon atoms and r 
represents an integer of 0 to 30, preferably 1 to 30. A carbonte add ester which does not satisfy the above^tJoTis 
^ZTJ!t!ZTl* T*"* USin8 "teinfericr In various prcpeniee. such as the compatibility with 

X^Sft?"!?!**™*- ^'""anpfesofthe alkyl group having 1 to 15 carbon atoms which is represented 
* "U£, methyt ^ ° r<XJP ' 0mjp - n ^ n-pentyrl group. n4,exyi group, n-heptyl 

group, rvoctyl group, n-nonyf group, n-decyl group, n-undecyl group, n-dodecyl group, n-tridecyl group, rvtetmdecyl 
group, rvperrtadecyi group, isopropyl group, isobutyl group, tert-butyl group, iscpentyl group, isohexyl group, isoheptyi 
group, isooctyl group, isononyl group, isodecyl group, isoundecyl group, isododecyl group, isotridenyl group, isotetrade- 
cyl group, and isopentadecyl group. ' " * 

Specific examples of the residue group of a dihydric alcohol having 2 to 12 carbon atoms indude residue groups 
famed from ethylene glycol. 1.3-propanedtol propylene glycol. 1.4-butanedrol. 1.2-butanedi 1. 2-methyl-1.3-propane- 
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diol, 1.5-pentenediol, neopentyl glycol. l,6-haxane<fiol. 2-ethyl-2-methyl-l,3^fopanediol. 1,7-heptanedlol 2-methyl-2- 
propyM 3-propanediol. 2,2-diethjr1-i.3-pfopaned.ol, 1.8-octanediol. 1.9-nonanediol. l.io^ecanediol. Lll-undecane- 
diol, and 1,12-dodecanediol. 

Specific examples of alkylene group having 2 to 12 carbon atoms which is represented by R 72 include alkytene 
groups having linear structures and branched structures, such as ethylene group, trimethylene group, prcpylene group, 
tetramethytene group, butylene group. 2-methyltrimethylene group, pentamethytene group. 2.2-dimethyttrimethylene 
group, hexamethylene group. 2 -etriyl-2-methyrttTi ethylene group, heptamethylene group. 2-methyl-2-propyltrimethyl- 
ene group, 2.2-Sethvltrimethylene group, octamethylene group, nonamethytene group, decamethylene group 
undecamethylene group, and dodecamethylene group. ' 

The molecular weight of the carbonic acid ester described above is not particularly Omited. Carbonic acid esters 
having a number-average molecular weight of 200 to 3.000 is preferably used because of the superior property of seal- 
ing the compressor. Carbonic add esters having the number-average molecular weight of 300 to 2.000 is more prefer- 
ably used. 

As the carbonic acid ester described above, compounds described in the specification of Japanese Patent Adds- 
cation Uud-Open No. Heisei 4{l992)-63893 in detaD can also be used. 

Among the oxygen-containing compounds described above, polyalkylene glycols, polyol esters, and polyvinyl 
ethers are particularly preferable because of superior compatibility with hydrofluorocarbon refrigerants and superior 
effect of suppressing the foaming phenomenon. The oxygen-containing organic compound may be used singly or as a 
combination of two or more types. 

The refrigerator oil of the present invention can be used for refrigerators using various types of refrigerant, and pref - 
ff t ? y '° r /^'« era, ° rs u6 j n B " hydrofluorocarbon refrigerant Examples of the hydrofluorocarbon refrigerant include 
l.1.1.2-tetrafluoroethane(R134a). 1.U.2-tetrafluoroethane (R134). 1.1.1-Mluoroelhane(R143a) 1 1-cWluoroethane 
(R152a). penwiuwoethane (R125). difluoromethane (R32). Mluorcmethane (R23). and mixtures of these compounds. 
^ e "**/^ oe "*° r 0,1 * *• P resert ^"fion Is applied to a refrigeration system using a refrigerant containing 
.i./ ^ luoroethane alone, a mixed refrigerant containing difluoromethane. or a mixed refrigerant containing 2- 
tetraf '""ethane, particularly superior effect of suppressing the foaming phenomenon can be exhibited. Specific exam- 

"5?,? !"5!^ 0eran,S lnCl4 ^!l FU07c (a mbcture * Rl34a - R12 * R32). B404a (a mixture ofRlSa. R125. 
and R143a). R410a (a mixture of R32 and R125J. and a mixture of R32 and R134a 

The refrigerator oil of the present invention can also be used for refrigerators' using a refrigerant other than the 
hydrocarbon refrigerants described above. Examples of the refrigerant other than the hydrofluorocarbon refriger- 
ants include ethers having 2 to 8 carbon atoms (preferably, dimethyl ether, diethyl ether, and methyl ethyl ether), ammo- 
nia^ carbon dwx.de. and hydrocarbons having 1 to 8 carbon atoms such as alkanes and alkenes (preferably 
hydrocarbons having 3 or 4 carbon atoms such as propane and butane). The refrigerant can be used as a mixture of 

ll m0r !* yPe& examp(e - a mbrture °* a hydrofluorocarbon refrigerant and a refrigerant other than the hydrofiuor- 
ocarbon refr^erarrts can be used. Two or more types of refrigerant other than the hydrofluorocarbon refrigerants can 
also be selected suitably and used in combination. * 

To the refrigerator oil of the present invention, various conventional additives, such as extreme pressure agents 
!c nh * ??*?: C 1 CW r*™**™** add Phenol antioxidants, amne antioxdants sSSzers S 

II JJ £?" ^ °E *"*r 0XidBl «V bean oil. and other epoxy compounds/and inaSJS 

agen* for copper such as benzotriazole and derivatives of benzotriazole. can suitably be addedif necessary 

The present invention also provides a process for lubrication of a refrigeration system In which the lubrication is 
1L « by US " 10 the refriflBf8t0f 0,1 con » Wn 0 <he fluorinated silicone oil described above In a conpresslon-ftpe 
l^T^r^T ^ CUlarly * a ~T e8sion ^eraton system using a rrydrdluorocarbon refrigerant h 
accordance wilh the above process, the foaming phenomenon occurring during baling of the refrigerant absolved in 
the refr.gerator oilcan be suppressed to prevent flowing out of a large amount of the refrigerator oil into the system, and 
the excellent performance of the refrigeration system can be maintained - 

limited by^^rnS° n ^ reference ,0 0xam P le8 - However, the present invention is not 

Example 1 to 30 and Comparative Examples 1 to 18 

_ ^Z^Tl r68i f a ? ° tessve6Sel having an inner diameter of 55 mm and a height of 30 cm. a refrigerator oil 
and a refrigerant shown in Table 1 in an amounts of 75 ml each were placed. While the mixture was stirred well (1380 
rpm) with a Propeller at a room temperature under an equflbrium pressure of the refrigerant, the pressure inside of the 
vessel was rapdy reduced to an atmospheric pressura The hefcht of the foam formed by the reduction in theprraro 
was measured. The result was evaluated in accordance with the following criterion. Criterion tor evaluation of the result 

© :The height of foam was 5 cm or less. 
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0 : The height of toam was mor than 5 cm and 10 cm or less. 
a: The height of foam was more than 10 cm and 20 cm or less. 
X: The height of foam was more than 20 cm 

5 As the base oil, the defoaming agent, and the refrigerant the following materials were used. 
(1) Base oil 



ester oil: a carboxylic acid ester of pentaerythrrtoJ (VQ32 and VG68) 

io PVE oil: polyvinyl ether oil (VG68) 

PAG oil: a modified polyaltylene glycol oil containing oxypropylene group and oxyethylene group in the 
main chain (VQ46) 

polycarbonate oil: (VG56) 

alkylbenzene oil: (VG56) 

15 PAO oil: poly-a-olefin (VQ68) 

mineral oil: (VG32) 



The mark in the parenthesis in the above base oils shows the grade in accordance with Japanese Industrial Stand- 
ard. 

so 

(2) Defoaming agent 

A: R 1 to R 7 : methyl group, R 8 : fluorinated propyl group kinematic viscosity: 500 mnftsec (25°C) 
B: R 1 to R 7 : methyl group R 8 : fluorinated propyl group kinematic viscosity: 1,000 mm^ec (25°C) 
25 C: R 1 to R 7 : methyl group, R 8 : fluorinated propyl group kinematic viscosity: 10,000 mnf/fcec (25°C) 

D: R 1 to R 6 : methyl group, R 7 and R 8 : fluorinated propyl group kinematic viscosity: 1 ,000 mm 2 /sec (25°C) 
E: R 1 to R 5 : methyl group R 6 to R 8 : fluorinated propyl group kinematic viscosity: 1 ,000 rnm^ec (25°C) 
F: R 1 to R 3 and R 5 to R 7 : methyl group. R 4 : fluorinated hexyl group. R 8 : fluorinated propyl group, kinematic viscos- 
ity: 1 ,000 mnf/sec (25°C) 

30 G: R 1 to R 7 : methyl group. R 8 : fluorinated propyl group kinematic viscosity: 1 70 mrrrVsec (25*C) 
The above oils are the fluorinated silicone oils represented by the general formula (I). 
H: silicone oil (dimethyteiloxane) kinematic viscosity: 10,000 mrrAsec (25°C) 
I: silicone oil (dimethylsiloxane) kinematic viscosity; 100,000 mmfrsec (25°C) 

ss (3) Refrigerant 

R1 34a: 1.1,1 ,2-tetraf luoroethane 

R407c: a mixtirre of 1 ,1 ,1 ,2-tetraf luoroethane, pentaf luoroethane, and difluoromethane 
R22: chlorodrfluoromethane 

40 



Table 1 - 1 



45 


Example 


refrigerator oil 


type of refrigerant 


result of evaluation 




type of base oil 


defoaming agent 










type 


(ppm by weight) 








1 


ester oil (VG32) 


B 


10Q 


R134a 


® 


50 


2 


ester oi!(VG32) 


D 


100 


R134a 


© 




3 


ester oil (VG32) 


E 


100 


R134a 


© 




4 


ester oil (VG32) 


F 


100 


R134a 


© 


55 


5 


ester oil (VG68) 


A 


100 


R407c 


© 


6 


ester oil (VG68) 


B 


100 


R407c 


© 




7 


ester oil (VG68) 


C 


100 


R407c 


© 
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Table 1 - 1 (continued) 



Example 


refrigerator oil 


Type ot rei rig Grant 


result of evaluation 




type of base oil 


defoaming agent 










type 


(ppm by weight) 






8 


ester oil (VG68) 


D 


100 


H407C 


® 


g 


ester oil (VG68) 


E 


100 


n407C 


© 


10 


ester oil (VQ68) 


F 


100 


R407c 


® 


11 


PVE oil (VQ68) 


6 


100 


R134a 


© 


12 


PVE oil (VG68) 


D 


100 


Rl34a 


® 


13 


PVE oil (VQ68) 


E 


100 


Rl34a 


® 


14 


PVE oil (VG68) 


F 


100 


R134a 


® 


15 


PVE oil (VQ68) 


C 


100 


R32 


® 


16 


PVE oil (VG58) 


c 1 


100 


R32/R134a(3/7) 


® 



Table 1-2 
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Example 


refrigerator oil 


type of refrigerant 


result of evaluation 




type of base oil 


defoaming agent 










type 


(ppm by weight) 






30 


17 


PVE oil (VG68) 


A 


1000 


R407c 


© 




18 


PVE oil (VQ68) 


B 


100 


R407c 


© 




19 


PVE oil (VG68) 


C 


10 


R407c 


@ 




20 


PVE otl (VG68) 


D 


100 


R407c 


© 


35 


21 


PVEoil(VG68) 


E 


100 


R407c 


© 




22 


PVE oil (VG68) 


F 


100 


R407C 


® 




23 


PAQoil (VQ46) 


B 


100 


R134a 


® 


40 


24 


PAG Oil (VG46) 


D 


100 


R134a 


® 




25 


PAQoil (VG46) 


E 


100 


Rl34a 


© 




26 


PAG oil (VG46) 


F 


100 


R134a 


® 




27 


polycarbonate oil (VG46) 


6 


100 


R134a 


© 


4S 


28 


polycarbonate oil (VG46) 


D 


100 


R134a 


© 




29 


polycarbonate oil (VG46) 


E 


100 


R134a 


© 




30 


polycarbonate oil (VQ46) 


F 


100 


R134a 


© 



so 



55 
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Table 1 * 3 



5 


Comparative 
example 


refrigerator oil 


type of refrigerant 


result of evaluation 




Type or oase oil 


defoaming agent 










type 


(pom by weight) 






10 


1 


rvcuii \Vvaooj 


H 


10 


R22 


O 




o 


A<tor nil A/TVWtt 


n 


10 


R22 


o 




o 
o 


PY/C ni| A/TCttM 






R407c 


X 




A 
■* 


PVP nil fMftfiftl 
r VC Oil ^V\300/ 


i 
1 


100 


R407C 


X 


15 


0 


actor nil n/T^CQ\ 

voter on (vooo) 






R407C 


X 




c 
o 


actor nil f\fTiRQ\ 
aoloi Oil IVlaOpJ 


1 


100 


R407c 


X 




O 


coiQi Oil (VUDO/ 


1 


100 


R407c 


X 


SO 


7 


rwj ou (vuHioj 


1 


100 


R407c 


X 




O 

o 


nolura rfwiata *\il A//"2Cd 
\J^J'j\Mt UUflclio Oil \VVjOOJ 


1 


100 


R407c 


X 




9 


PVE oil (VQ68) 


H 


10 


Rl34a 


X 




1U 


ester oil (VQ32) 


H 


10 


Rl34a 


X 


25 


11 


PVE oil (VG68) 


G 


100 


R407c 


Y 

A. 




12 


PVE oil(VQ68) 


G 


10.000 


R407c 


X 




13 


alkyfbenzene oil (VG56) 


B 


100 


R407c 


X 


30 


14 


PAOoif(VG68) 


B 


100 


R407c 


X 




15 


PVE 0il(VG68) 


A 


100 


R22 


A 




16 


PVEoil(VG68) 


B 


100 


R22 


A 


35 


17 


PVE oil(VQ68) 


C 


100 


R22 


A 


18 


mineral oil 


I 


100 


R22 


o 
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INDUSTRIAL APPLICABIL ITY 

rafri^^S^t 1 °! ^^J™** 00 «" lively suppress the foaming phenomenon during boiling of a 
refrigerant which is dissolved in the refrigerator oil. and used In combination with various types of refrigerant, partfcu- 
, kJ.^ 0 ^ 6 ^"^^ * a 6108,6 type 01 ^^orocarbon or mixed refrigerants composed of two or more types 
of hydrofiuorocarboa By using the refrigerator oP of the present invention as the lubricant in a corrpression-type refrig- 
eration system, the excellent performance of the refrigeration system can be maintained. 

Claims 



50 



55 



1 . A refrigerator oil comprising a base oil (imposed of an oxygen-containing organic compound and a f luorinated sil- 
icone oil having a knematic viscosity of 500 mnAsec or more at 25°C. 

2. A refrigerator oil according to Claim 1, wherein the oxygen-containing organic compound is a pofyalkylene glycol 
a polyester, a polyoi ester, a poryether ketone, a polyvinyl ether, or a carbonate derivative. 

3. A refrigerator oil according to Claim 1. wherein the fluorinated silicone oil is a compound having the structure rep- 
resented by the general formula (I): 
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10 



15 



20 



25 



30 



35 



40 



7. 



R l -Si-0- 



R 
I 

-Si-O- 



R 



I 

Si-R 4 



(I) 



Jn 



(wherein R to R represent each hydrogen atom, a hydrocarbon group, or a f luorinated hydrocarbon group, and 
may be the same with each other or different from each other; R 7 and R 8 represent each a hydrocarbon group or 
a f luorinated hydrocarbon group, at least one of R 7 and R 8 is a f luorinated hydrocarbon, and R 7 and R 8 in a plurality 
of repeating units may be the same with each other or different from each other; and n represents an integer which 
is selected in 6uch a manner that the fluorinated silicon oil has a kinematic viscosity of 500 mrrfoec or more at 
25°C). 

4. A refrigerator oil according to Claim 1 , wherein the content of the fluorinated silicone oil in the refrigerator oil is 1 to 
6.000 ppm by weight. 

5. A refrigerator oil according to Claim 1. wherein the product of the kinematic viscosity (mrrftsec) at 25 °C of the 
fluorinated silicone oil and the content (ppm by weight) of the fluorinated silicone oil in the refrigerator oii is 50.000 
to 3.000,000. 

6. A refrigerator oil according to Claim 1 . wherein the refrigerator oil is used in a refrigerator which uses at least one 
refrigerant selected from the group consisting of hydrofluorocarbon refrigerants, ether refrigerants having 2 to 8 
carbon atoms, ammonia refrigerants, hydrocarbon refrigerants having 1 to 8 carbon atoms, and carbon dioxide 
refrigerants. 



A refrigerator oil according to Claim 1 . wherein the refrigerator oil is used in a refrigerator which uses a hydrofluor- 
ocarbon refrigerant as the refrigerant 

8. A refrigerator oil according to Claim 7. wherein the hydrofluorocarbon refrigerant is at least one compound selected 
from 1.1.1^-tetrafluoroethane. 1.1,2.2-tetrafluoroethane, 1,1.1-trffluoroethane, 1,1<Jifluoroethane. pentafluor- 
oethane. tfrfluoromethane. and trrfluoromethane. 

9. A process for lubrication of a refrigeration system comprising lubricating a compression-type refrigeration system 
by using the refrigerator oil described in Claim 1 . 
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